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Conformational Changes 
In Cnymotrypsin* Detected with Antibodies, II 

Antibody-interactions with chemically modified and denatured chymotrypsins 

H. GERD GUNDLACH** ^ 
Jj^iv^ 26 Jarwary 1970) ';;'// \v'.-J- ;^'l ; V._ ' ^^^^'"v. ; ? '"'Y " 



* u niP while one antigenic determinant is retained. A con- 

Summary : The resistance of chymotrypsm, DIP j*£ ^aUxhange.- of, ^M^hymotry^ 
KXchymotrypsin^and chymotrypsinopn t^u^ formatiqnai ^. m^ ~ ^ ^ ^ 




£2^^ . rurdieAhtikor^r-Fix.erungsmdversch.eden. 

Carboxymethyiierung von Chymotrypsm - nicht 



Abbreviations: . nrj , fcun . . 

DFP - diisopropylfluorophosphate; DIP-chymotrypsin = diisopropylphosphuryKhymotryps.n, DC-chyn 
trypsin - diphenylcarbamoytchymotrypsin; CM- - carboxymethyk 
* Chymotrypsm A (EC 3.4.4.5). 

*• Address: Priv.-Doz. Dr. G. Gundlach, Urologische Universitatsklinik D-665 Homburg/Saar. 
i 1 . Commun. : G. Gundlach, diese Z. 351, 690 [1970], preceding. 



Bd. U 

Ant en 
in v licl 
to a viifi 
of 1 »c 
x6 A 3 - 
thei su 
Chy not 
Its emu 
state* a 
besigni 
The ei 
reacti r 
some. 4 , 

crimina, 
acid,;an 
.p-toluic 
DlP-ch 
trypsim 
z« . Jjy&imr :i 
. well as . 
i; :%ypsin ^ 

■0 infiibit^ ; 

iess^cle^ 
mforr 
^/sS^tnS 
£;lysozyi/ 

^andfcMv 

^MAN^I- 

XxaSii. a: 
= 3 t E. A. 
4B .'Ml 

b. m. 

5 F M 
«K I 
Rei Ui 
'K L 
45. O 
«C N 
Qt c 
Ac. 1. 
9 L S- 

10 i { 

ph; ic 



Bd. KI970) 



Conformati nal changes in chymotrypsin detected with antibodies, II 



697 



Ant en-antibody reactions are surface phenomena 
in \ uch the two react ants approach each other 
to a ninimal distance of 1 A 2 . The combining site 
of : e antibody has dimensions of 25—30x10 
x6 v 3 . Thus, in small antigens, a sizable area of 
thei surface is covered on antibody attachment. 
Chy notrypsin belongs to this group of antigens. 
Us dimensions are 45 x 35 x 38 A in the crystalline 
state 1 and neither size nor conformation should 
be significantly different in solution 5 . 
The enormous specificity of antigen-antibody 
react ions'* was first described by Landsteiner 6 , 
some 40 years ago. Antibodies are able to dis- 
criminate between protein-bound p-aminobenzoic 
acid and o-amihobenzpic acid, p-arsanilic acid or 
jj-toluidine 7 . It was therefore not surprising that 
DIP-chymotrypsin, chymotrypsin and chymo- 
trypsinogen could be quantitatively differentiated 
-by 'immunological meansfe These differences as 
well as the enhanced immune reaction of chymo- 



trypsin and its DIP-derivative crystallographically 
indistinguishable, having very similar diffraction 
patterns and concluded that only a minor if any 
conformational difference exists. Although optical 
rotatory dispersion measurements revealed struc- 
tural changes during zymogen-activation 11 , the 
helical content of chymotrypsinogen and chymo- 
trypsin appeared to be identical 4 * 12 . 
In this paper, the usefulness of immunological 
methods for the determination of conformational 
changes is further substantiated by studying the 
course and ex tent of ant igen-denaturat ion by urea- 
arid the influence of chemical modification on the'- 
antigenic properties -of-cKymoti^ps^ ^ . . ;r 

Experimental 

Materials 




* L. I^iiiNG/^ 6.3 mQij$^ ; 




uni; and D. Pressman, ibidem i67Vl 003' [1945]! 

3 E. A. Rabat; J. Immunol. ^ [1966]: H^-f . 

4 B . W. Matthews, P. B; Sigler, R. Hewers6n and 
D. M. Blow, Nature [London] 214, 652 [19671. 

5 F M. Richards, Annu. Rev. Biochem. 32, 269 [1963]. 
6 K Landsteiner, Die Spezifitat der Serologischen 
Re; ctionen, Verlag J. Springer, Berlin 1933. 

7 K Landsteiner and J. v. d. Scheer, J. exp. Medicine 
45. 045 11927). 

8 C N. Reeke, J. A. Hartsuck, M. L. Ludwig, F. A. 
Qt icho, T. A. Steitz and W. N. Lipscomb, Proc. nat. 
Ac I. Sci. USA 58, 2220 [1967]. 

°L Stryer, Annu. Rev. Biochem. 37, 25 [1968]. 

10 : B. Sigler and H. C. W. Skinner, Biochem. bio- 

ph ic. Res. Commun. 13, 236 [1963]. 



. of CM<hymotrypsin. 

• activity. " - ^'-^r ' \ l}-^; 
Guanidated chymotrypiin ,was prepared according '4oJ£ : u 
by the reaction of 0-methylisourea with chymotrypsin* 
at 1— 2°C and pH 10.4. The dialyzed and lyophylized 
product contained 12.5 mbl of homoarginine and 
1 mol of unreacted lysine and retained 70% of the 



11 G. D. Fasman, R. J. Foster and S. Beychok, 
J. molecular Biol. 19, 240 [1966]. 

12 D. N. Raval and J. A. Schellman, Biochim. bio- 
physica Acta [Amsterdam] 107, 463 [1965]. 

ta C. H. Chervenka and P. E. Wilcox, J. biol. Chem- 
istry 222, 621 [1956]. 
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enzymatic activity of native chymotrypsin with chloro- 
acetyl-L-tyrosine methylester as substrate. 

Antisera against D I P-chy mo trypsin were obtained from 
rabbits as previously described 1 . 

Methods 

Qualitative immune reactions: Geldiffusion 14 and 
immunoeiectrophoretic 15 procedures were used. 

Quantitative determination of immune-precipitates: Mix- 
tures of 2—20 (ig antigen in 0.05 m/ 0.1m barbital 
buffer pH 8.2] were incubated with_0.O5 ml antiserum; 
for 1 h at 38?C, then kept f6r ; 2 h at 4<»C. The pn£ 
cipitates were collected by centrifugation, washed with 1 
saline and dissolved in sodium carbonate solution? 
for protein assay by th^^ |' 

Determination" of the equivalence point of antisera: 
0.05 mi aliquots of antiserum were incubated for 1 h 
at 37°C with J-20 fig antigen in 0.02 m/^ 
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absorb all the antibodies from the serum, c) All the! more sensitive to urea-denaturation than chyrno- 

bmding sites of me antigen have been destroyed by the^ tiyr*inb^ or DI 

*^ penments. 1 % solutions of DIP-chymotrypsin. 

The test accounts only for irreversible structural changes chymotrypsinogen or chymotrypsin were incubatec 

Sm urS SuET renaturations d"«tion of the in phospha te-buffered 8m urea at pH 6.9. The urea 



17 H. Neurath, J. A. Rupley and W. J. Dreyer, Arch 
Biochem. Biophysics 65, 243 [ I956J. 



14 0. Ouchterlony, Progr. Allergy 6, 30 [1962]. w ^ ^ 

7 {o3 rwS DEGGER ' ArcH - MeT& aPpL ,mmUn ° L " C- J~ M^™ ^ a m'b^aoar, Biochemistr 
18 n h i x, . » [Washington] 5, 1230 [1966]; 6, 1638 [1967]. 
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react »n was stopped by a 10-fold dilution with H2O Inunune reactions of chemically modified chymo- 

and . > effect measured by the antibody adsorption trypsins 

test. )lP-cl\ymotrypsin was resistant to urea over The introduction of a diphenylcarbamoylresidue 

a 2h ncubation-period at 0°C The treated antigen at t h e catalytic site of chymotrypsin yielded a 

rema iied fully precipttable by the antibody (Table product with the same antigenic properties as 

1). h.cubation with urea for Vh at 30°C still had DIP-chymotrypsin (Fig. 2). DC-chymotrypsin and 

no effect, but pronounced denaturation was de- DIP-chymotrypsin resemble in this respect ribo- 



teeter after 3 h at 30 °C; the antigen had lost part 
of its precipitating capacity and a reaction pattern 
as in Fig. lb was obtained. Incubation for 2 h at 
' 40°C finally t resulted in complete denaturation 
(Fig. lc).-;- . ; 

Tabic % Precipitation of piR<hymotrypsin treated 
;^witjS"urw ! at 0°C and pH 6;9. Immune-precipitation by 

addition of 6.05 ml . antiserum to" -6 ]tg antigen in 
v O02 ml solution " + 0.02 ml buffer. ■ - 

Duration of treatment 
.4 ->Ht 4rninJ 



nuclease A and B 21 . 
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10°C denatured the enzyme in part (Fig. lb) and 
it was fully denatured after 10 mih at 20°C (Fig. lc). 
It is evident from these results, that the introduc- 
tion of the diisopropylresidue and a concomitant 
conformational change renders DIP-chymotrypsin 
less susceptible to urea-denaturation than the 
acti e enzyme. This increase in stability can also 
be • oncluded from our previous diazotation ex- 
peri nents with DIP-chymotrypsin in 8m urea at 
0°C Compared to chymotrypsin, one histidine 
and one tyrosine residue remained uncoupled, 
obv lusly because they were inaccessible to the 
dia: »benzene sulfonate 20 reagent. 



necessarily change the conformation of^chymo-* 
trypsin but can change its immunological reactivity 
as a consequence of the modified ionic character. 
Most interesting in this respect is the carboxy- 
methylation of chymotrypsin by iodoacetic acid. 
Two thirds of all lysine-residues were substituted 
to give 6-NH2 mono- and dicarboxymethylderiv- 
atives. The product was not able to form an im- 
mune precipitate. In contrast to CMnchyifio- 

2° G. Gundlach, C. Kohne and F. Turba, Biochem. Z. 
336, 215 [1962). 

21 B. Gnader, Ann. New York Acad. Sci. 103, 495 
[1963J. 
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trypsinogen closer analysis showed, that in spite of 
the lack of precipitation, one antibody-binding 
site was retained. Preincubation with CM-chymo- 
trypsin rem ved about 44 % of the antibody pres- 
ent in ami-DIP-chymotrypsin serum, resulting in 
a shift of the equivalence point of the serum from 
9 fig to 5 f*g DIP-chymotrypsin/0.05 ml (Fig. 3). 
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" Fig. 3: Determination of the equivalence point by back 
titration of antisera. a) 0.05 ml serum preincubated 
with 20 ttg CM-chymotrypsin in 0.02 ml and then with 

■ *< increasing amounts of DlP-chymotrypsiri; b) in 0.05 *n# - 
seturn incubated only, with DIP-chymptrypsin. 
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The question of whether the e-NH 2 groups of. 
lysine sidechains are integral parts of antige ic 
determinants was further investigated by ba ic 
substitution. Guanido-chymotrypsin remained p- > 
cipitable by antibodies. Since the degree of guai - 
dation was even higher than that of carboxymeth> 
ation and since the spatial requirements of guanidt 
and carboxymethylgroups are of the same order c : 
magnitude, basic functions seem to be importan 
constituents of the antigenic determinants oi 
chymotrypsin. At least one antigenic determinant 
is lost by guanidation. Antiserum exhausted with 
h\ guanido-chymotrypsin still precipitated additional 
| : DIP-chymotrypsin (Fig. 4). This.may be explained 
I ;,by ^different degrw of participation o 
I groups of various antigenic determinants in the^ 
fixation of antibody or by the induction of a 
limited conformational change on guanidation. 
resulting in/theloss >^ 

The reactivity of chemically modified' chymotryp- 
sin-* twwiVu^^ 
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ribonucrlease db^ not after ^h^: MUgen-antibodyf 
binding curve 22 , the difference between the im-t 
mune reactions of CM-chymotrypsin and CM< 
DIP-chymotrypsin resembles to a lesser extent the 
enhanced antibody fixation of chymotrypsin by 
indole 1 . An interesting but different approach to 
characterizing single antigenic determinants as in 
CM-chymotrypsins is the isolation of an antibody 
against the C-terminal heptapeptide of myoglo- 
bin 23 from a mixture of antibodies 2 * The isolated 
antibody b inds myoglobin but does not precipitateit. 

22 R. K, Brown, Ann. New York Acad. Sci. 103, 754' 
1 1 963 J. 



piP-chymotrypsin, ^^r-^-tr 

DC-chymotrypsin ' < r- : '4- + -*- 

Chymotrypsinogen , . y + 

Chymotrypsin ^ 4- 

CM-chymotrypsin — 
DIP-CM-chymotrypsin 

CM-chymotrypsinogen " -f- 
Guanido-chymotrypsin 
-f- Precipitation; — ~ No precipitation. 

23 J. Givas, E. R. Centeno, M. Manning and A. F 
Sekon, Immunochemistry 5, 314 [1968]. 

24 M. J. Crumpton and J. M. Wilkinson, Biochem. 
94, 545 [I965J. 
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